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Background: TG-interacting factor 1 plays a role in radiation-induced injury.
Results: In vitro, TGIF1 overexpression increases stress-induced cytokine expression whereas TGIF1 knockdown limits it.
Conclusion: TGIF1 regulates radiation and TNF-�-induced inflammation in endothelial cells.
Significance: TGIF1 could be a molecular target to limit radiation or TNF-�-induced proinflammatory phenotype in
endothelium.

The endothelium contributes to the control of the tissue
inflammatory response following stress and in particular after
exposure to ionizing radiation. We previously showed that the
TG-interacting factor 1 (TGIF1) plays a role in radiation-in-
duced normal tissue injury. In this study we hypothesized that
this protein could play a role in inflammation.The role ofTGIF1
in the stress-induced proinflammatory phenotype was investi-
gated in human endothelial cells. InHUVECs ionizing radiation
induces TGIF1 expression as well as a proinflammatory pheno-
type associatedwith up-regulation of IL-6, IL-8, CXCL1,MIP-2,
and MCP-1. TGIF1 overexpression enhances the radiation-in-
duced proinflammatory phenotype whereas TGIF1 silencing
limits both the TNF-�- and radiation-induced overexpression
of proinflammatory cytokines. Interestingly, in vivo, in radia-
tion-induced intestinal inflammation in mice, TGIF1 genetic
deficiency is associated with a reduced radiation-induced over-
expression of proinflammatorymolecules. InHUVECs, TNF-�-
and radiation-induced NF-�B pathway activation is not influ-
encedbyTGIF1 expression,whereasTGIF1knockdown inhibits
bothTNF-�- and radiation-induced p38MAPKpathway activa-
tion. This study demonstrates that TGIF1 plays a role inTNF-�-
and radiation-induced inflammation and suggests that it could
be a target in limiting this event in the vascular compartment.

Radiation-induced normal tissue injury is a dose-limiting
factor in the treatment of cancer with radiotherapy (1). Early
and late side effects limit radiation dose escalation and affect
the patient’s quality of life. Radiation damage to normal tissues
results from insults to all compartments, and tissue scarring
involves an orchestrated response of numerous cell types

involved in pathophysiological processes such as cell death,
coagulation system activation, inflammation, and matrix
remodeling (2).
The involvement of transforming growth factor (TGF)-�1 in

radiation-induced normal tissue damage has been demon-
strated extensively (3, 4). Radiation-induced up-regulation of
TGF-�1 expression levels has been shown in various organs,
and, in addition to TGF-�1 itself, several studies have shown
up-regulation of intracellular effectors of TGF-�1 signaling, in
particular the canonical Smad-dependent pathway (5–8).
Smad-mediated signals induced by TGF-�1 are tightly regu-
lated by negative feedback mechanisms via inhibitory Smads
(I-Smads) (Smad6 and -7) and through the recruitment of tran-
scriptional Smad co-repressors such as c-Ski, SnoN, and TG-
interacting factor 1 (TGIF1)3 (9, 10). TGIF1 is a member of the
three-amino acid loop extension class of homeodomain pro-
teins that functions as a co-repressor of the TGF-�1 pathway
(11). TGF-�1-dependent transcriptional repression by TGIF1
is mediated by direct competition with the co-activator p300/
CBP for Smad2 interaction, thereby repressing TGF-�1-acti-
vated genes (12).
In addition and independently of Smad signaling, TGIF1 has

been reported to be an essential component of the tumor
necrosis factor � (TNF-�) cytotoxic program, suggesting a
putative role of this protein in the proinflammatory response
following exposure to a proinflammatory cytokine (13). The
vascular endothelium is a crucial target for radiation (14, 15).
Endothelial cell activation and dysfunction participate in the
earliest steps of tissue response to radiation exposure and have
been implicated in the mechanisms of acute and late tissue
damage in different organs (16–18). Vascular endothelium
plays an integrative role in the tissue inflammatory response
following stress, and TGF-�1 controls the initiation and reso-
lution of inflammatory responses through the regulation of
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chemotaxis and activation of leukocytes in the periphery,
including lymphocytes, natural killer cells, dendritic cells,
macrophages, mast cells, and granulocytes (19). Interestingly,
we recently showed that TGIF1 plays a role in radiation-in-
duced small intestinal damage (20). Unexpectedly, our previous
in vivo and in vitro results show that this Smad co-repressor
plays a role in radiation-induced injury independently of the
Smad signaling pathway (20).
The role of TGIF1 in vascular inflammation has never been

investigated, and we hypothesized that TGIF1 could play a role
in the inflammatory response of endothelial cells following pro-
inflammatory stimuli. In this study we demonstrate for the first
time that TGIF1 promotes the endothelial cell inflammatory
response after exposure to radiation or TNF-�.

EXPERIMENTAL PROCEDURES

Animals and Irradiation Procedure—TGIF1 knock-out mice
were maintained on a C57BL/6J background as described pre-
viously. TGIF1�/� and TGIF1�/� were from the same colony
(21), and genotype was determined by PCR screening. Local-
ized small intestinal radiation injury was induced by exposure
of an intestinal segment to 19 Gy of radiation (7). Briefly,
TGIF1�/� and TGIF1�/� mice were anesthetized with 5% iso-
flurane and maintained under anesthesia with 1.7% isoflurane
during surgery and irradiation procedures. Mice first under-
went laparotomy, and a 3-cm-long intestinal segment (10 cm
from the ileocecal valve) was exteriorized and exposed to a sin-
gle dose of 19 Gy (60Co source dose rate 1.2 Gy/min). Sham
irradiation was performed by maintaining the exteriorized
intestinal segment without radiation exposure. During irradia-
tion, the abdominal organs were covered with gauzemoistened
with sterile saline solution. After radiation exposure or sham
irradiation, the exteriorized segment was returned to the
abdominal cavity and peritoneum/abdominal muscles and skin
were separately closed with interrupted sutures. Mice were
euthanized at 3 days after irradiation, and intestinal segments
from sham and irradiatedmicewere harvested and snap-frozen
in liquid nitrogen and stored at �80 °C for RNA isolation. All
experiments were conducted in compliance with legal regula-
tions in France for animal experimentation, and protocols were
approved by the ethics committee for animal experimentation
of the Institute for Radiological Protection and Nuclear Safety.
Immunohistochemistry—Specimens of normal tissue from

12 patients treated for rectal adenocarcinoma with preopera-
tive radiotherapy (45 Gy; 2 or 1.8 Gy by fraction) were obtained
following institutional ethics (Gustave Roussy Institute) and
French Medical Research Council guidelines. Tumors were
surgically resected 5–7 weeks after treatment; for each patient,
specimens of normal tissue were taken from the irradiated field
adjacent to the tumor and distant from the tumor, making each
patient his own control. Briefly, 5-�m sections of formalin-
fixed, paraffin-embedded tissue samples were incubated with
anti-TGIF1 (sc-17800; Santa Cruz Biotechnology). Biotinylated
rabbit anti-mouse IgG and streptavidin/biotinylated-peroxi-
dase kit (DAKO) were used before staining using the DAB sub-
strate kit (DAKO) and counterstained with hematoxylin.

Endothelial Cell Culture, Irradiation, and TNF-� Exogenous
Stimulation—Human umbilical vascular endothelial cells
(HUVECs) from Lonza (Verviers, Belgium) were cultured in
EGM-2-MV medium at 37 °C with 5% CO2. Cells were used
between passages 4 and 5 and were irradiated with a 137cesium
source (IBL 637; CisBio, Saclay, France; dose rate 1 Gy min�1).
RNA Isolation and RT Real-time PCR—Total RNA was pre-

pared with the total RNA isolation kit (RNeasy Mini Kit; Qia-
gen). Total RNA integrity was analyzed using Agilent 2100.
After quantification on a NanoDrop ND-1000 apparatus
(NanoDrop Technologies, Rockland DE), reverse transcription
was performed using the High Capacity Reverse Transcription
Kit (Applied Biosystems) according to the manufacturer’s
instructions. Predeveloped TaqMan� Gene Expression Assays
(Applied Biosystems) were used, and PCR was performed with
the ABI PRISM 7900 Sequence detection system (Applied Bio-
systems). PCR fluorescent signals were normalized to a PCR
fluorescent signal obtained from the housekeeping gene
GAPDH (for in vitro experiments) or 18S (for in vivo experi-
ments). Relative mRNA quantification was performed by using
the comparative ��CT method. For TaqMan Low Density
Array experiments, 400 ng of cDNAof sampleswas loaded onto
the port of human immune gene signature array cards (90
genes). Global analyses were performed using RQManager and
Data Assist software with a selection of three endogenous
genes: 18S, ACTB, and GAPDH.
Western Blot Analysis—Proteins lysed in radioimmune pre-

cipitation assay buffer supplemented with protease and phos-
phatase inhibitors were separated by SDS-polyacrylamide gel
electrophoresis before transfer onto nitrocellulosemembranes.
The following protein-specific primary antibodies were used:
anti-TGIF1, anti-Myc (9E10) (Santa Cruz Biotechnology); anti-
phospho-p65, anti-phospho-p38, anti-p38, anti-phospho-MAPK-
activated protein kinase 2 (MAPKAPK-2), anti-MAPKAPK-2,
anti-phospho-HSP27, anti-HSP27 (Cell Signaling Technology).
Membranes were incubated with HRP-conjugated secondary
antibody (Amersham Biosciences) and were developed using
enhanced chemiluminescence. Membranes were stripped and
reprobed with anti-glyceraldehyde-3-phosphate dehydroge-
nase (GAPDH) antibody (Biodesign, Saco, ME) to detect
GAPDH expression as a loading control.
Transfection of HUVECs—Human siRNA and nontargeting

negative control siRNA (ON-TARGETplus SMARTpool
TGIF1 L-011404, p38� L-003512, and ON-TARGETplus Non-
targeting Pool) were from Dharmacon (Chicago, IL). HUVECs
were seeded into 6-well plates for 24 h to reach 50–70% con-
fluence and were transfected with siRNA at a final concentra-
tion of 100 nM using Dharmafect according to the manufactur-
er’s protocols. The medium was replaced 24 h after
transfection, and cells were irradiated and/or treated with
TNF-� (0.1 ng/ml) and processed for further analysis. For plas-
mid transfection, HUVECs were transiently transfected with
empty vector (pCMV6) or pCMV-Myc-TGIF1 using FuGENE
HD (Roche Diagnostics) according to the manufacturer’s
instructions.
Cytokine Protein Measurements—Cytokine concentrations

in cell supernatants were measured using ELISA (R&D Sys-
tems) according to the supplier’s guidelines.
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Statistical Analyses—Data are given as means � S.E. Statis-
tical analyses were performed using ANOVA or Student’s t test
with a level of significance of p � 0.05.

RESULTS

TGIF1 Immunoreactivity Is Increased in Inflamed Human
Rectum following Radiotherapy—First, to prove the clinical rel-
evance of our hypothesis, we performed a retrospective immu-
nohistochemical study in 12 patients. Normal human rectal tis-
sues were obtained from patients treated with radiotherapy for
rectal adenocarcinoma. Tissues were taken in the irradiation
field adjacent to the tumor and from macroscopically normal
mucosa distant from the tumor. In normal tissues, TGIF1
immunoreactivity is present inmuscularis propria and vascular
smooth muscle cells, endothelial cells, in resident immuno-
competent cells in the submucosa and mucosa, and in the bor-
dering epithelial cells (Fig. 1). In pathological tissues, radiation-
induced inflammation is associated with increased TGIF1
immunoreactivity mainly due to lymphoid cells invading the
mucosa and submucosa. No significant change in staining
intensity was noted concerningmuscularis propria and submu-
cosal vessels. These observations suggest that TGIF1 could play
a role in radiation-induced tissue inflammation.
TGIF1 Overexpression Enhances the Basal and Radiation-

induced Proinflammatory Phenotype of Endothelial Cells—Be-
cause the endothelium plays a key role in vascular injury and
subsequent inflammatory intestinal damage after radiation, the
radiation-induced proinflammatory phenotype was investi-
gated in human endothelial cells. Ionizing radiation induces
TGIF1 expression at mRNA and protein levels (Fig. 2, A and B)

and a proinflammatory phenotype in HUVECs associated with
a significant up-regulation of gene expression of IL-6, IL-8,
CXCL1, MIP-2, and MCP-1 in irradiated HUVECs compared
with control cells (Fig. 2C). To examine whether overexpres-
sion of TGIF1 affects the inflammatory state of endothelial
cells, HUVECs were transfected with Myc-TGIF1 expression
vector. After transfection, TGIF1 overexpression was con-
firmed by Western blot analysis (Fig. 3A). TGIF1 overexpres-
sion in HUVECs induced a slight increase in the basal mRNA
levels of IL-6, IL-8, CXCL1, and MIP-2. TGIF1 overexpression
enhanced the radiation-induced up-regulation of IL-8, CXCL1,
and MIP-2 genes with no statistically significant variation for
IL-6.
TGIF1 Knockdown Limits Radiation or TNF-�-induced

HUVEC Proinflammatory State—To investigate whether
TGIF1 silencing impacts the endothelial inflammatory state
after irradiation, TGIF1 expression knockdown was performed
in HUVECs using an RNA interference (RNAi) approach.
Silencing efficiency was confirmed at mRNA and protein levels
and revealed a decrease of up to 90% in TGIF1 expression in
HUVECs transfected with siRNA TGIF1 compared with cells
transfected with nontargeting siRNA (Fig. 4A). Using a global
approach with TaqMan Low Density Arrays, we observed that
TGIF1 silencing down-regulated expression levels of numerous
radiation-induced proinflammatory genes (supplemental Fig.
1A). By real-time PCR we confirmed that TGIF1 silencing sig-
nificantly decreased basal expression levels of IL-8, CXCL1, and
MIP-2 in HUVECs, with no statistically significant difference
for IL-6 and MCP-1 genes. In irradiated cells, TGIF1 silencing
limited radiation-induced inflammatory gene expression by 50,
54, 61, and 58% for IL-6, IL-8, CXCL1, andMIP-2, respectively,
without any effect onMCP-1 gene expression (Fig. 4B). Nextwe
considered whether the role of TGIF1 is restricted to radiation
stress or whether TGIF1 acts as a universal regulator of inflam-
mation. To determine the involvement of TGIF1 in the TNF-
�-induced proinflammatory state of HUVECs, cytokine
expression in TNF-�-treated cells transfected with nontarget-
ing siRNA or siRNA targeting TGIF1 was compared. TNF-�
strongly increased expression of a cascade of proinflammatory
genes (Fig. 4C). The global approachwithTaqManLowDensity
Arrays revealed that TGIF1 silencing down-regulated expres-
sion of numerous TNF-�-induced proinflammatory genes
(supplemental Fig. 1B). Individual real-time PCR measure-
ments confirmed that TGIF1 silencing limited TNF-�-induced
inflammatory gene expression by 70, 45, 31, and 50% for IL-6,
IL-8, CXCL1, andMIP-2, respectively (Fig. 4C). To estimate the
consequences at the protein level, measurements of IL-6 and
IL-8 concentrations in cell supernatants showed that TGIF1
knockdown limited radiation- and/or TNF-�-induced IL-6 and
IL-8 overexpression at the protein level (Fig. 4D). These obser-
vations were confirmed for CXCL1 secretion in irradiated and
TNF-�-treated cells (supplemental Fig. 2).
TGIF1 Deficiency Limits Radiation-induced Overexpression

of ProinflammatoryMolecules in Vivo—To confirm our in vitro
results, we explored the in vivo effects of TGIF1 genetic defi-
ciency on radiation-induced small intestinal inflammation in
mice. Three days after a high localized single dose of radiation,
the crypt compartment was severely depleted, with crypt

FIGURE 1. TGIF1 immunoreactivity is increased in human rectum after
radiotherapy. Pictures are representative of TGIF1 immunostaining of spec-
imens of normal rectal tissue from patients treated with preoperative radio-
therapy (n � 12). Tissues were taken distant from the tumor (Normal) and in
the irradiation field adjacent to the tumor (Pathological). All images were
recorded in normal and pathological areas from the same patient.
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abscesses and dense inflammatory infiltrate. The villus com-
partment wasmoderately affected (Fig. 5A). In this model, irra-
diation increased TGIF1 expression (Fig. 5B) and strongly
increased the mRNA levels of IL-6, IL-1�, CXCL1, MIP-2, and
MCP-1 in total intestinal tissues from irradiated mice com-
pared with nonirradiated sham mice. Interestingly, TGIF1
genetic deficiency disrupted cytokine and chemokine produc-
tion in irradiated intestinal tissues. Real-time PCR analyses
showed a strong inhibition of IL-6 (78%), IL-1� (73%), CXCL1
(41%), andMIP-2 (80%) expression in irradiated intestine from
TGIF1�/� mice compared with irradiated intestine from
TGIF�/� mice, with no difference observed for MCP-1 (Fig.
5C).
The p38 MAPK Pathway Is Involved in TGIF1-dependent

Radiation and TNF-�-induced Proinflammatory State in
HUVECs—Tounderstand themolecularmechanisms bywhich
TGIF1 controls cytokine expression, we first examined the

major proinflammatory signaling pathway, i.e. nuclear fac-
tor-�B (NF-�B). Immunoblot analysis was performed to quan-
tify the phosphorylated form of NF-�B subunit p65, which
reflects the activation of the NF-�B signaling. Radiation or
TNF-� exposure increased the level of phosphorylated p65 in
HUVECs, but TGIF1 knockdown had no effect onNF-�B path-
way activation (Fig. 6A). BecauseNF-�B signaling pathway does
not seem to be involved in TGIF1-dependent inflammatory
gene expression, we hypothesized that theMAPKpathwaymay
be involved. First, we used a global approach with a protein
phospho-MAPK array which simultaneously explores the
phosphorylation patterns of 23 differentMAPKs and other ser-
ine/threonine kinases. When we applied a minimum cut-off
threshold of 20% change, among the panel of MAPKs, we iden-
tified a marked decrease by 32% of the phosphorylation level of
p38� in irradiated HUVECs knocked down for TGIF1 com-
pared with irradiated HUVECs transfected with control siRNA

FIGURE 2. Radiation induces expression of TGIF1 and proinflammatory genes in vitro in endothelial cells. A, mRNA levels of TGIF1 3, 6, 24, 48 and 72 h after
10 Gy. B, representative Western blot (IB) of TGIF1 protein expression 24 h after 10 Gy. Relative quantification was performed from four experiments performed
in triplicate. C, mRNA levels of IL-6, IL-8, CXCL1, MIP-2, and MCP-1 in HUVECs 3 h after 10 Gy. mRNA levels were calculated relative to GAPDH as housekeeping
gene and normalized to a value of 1 for nonirradiated cells. Results are the mean � S.E. (error bars) of three independent experiments done in triplicate. *, p �
0.05 versus nonirradiated cells.

FIGURE 3. TGIF1 overexpression stimulates the basal and the radiation-induced proinflammatory phenotype of endothelial cells. A, representative
Western blots show total protein cell lysates from HUVECs transfected for 24 h with control vector (pCMV6) or with pCMV-Myc-TGIF1 vector. B, HUVECs were
transfected with control vector (pCMV6) or pCMV-Myc TGIF for 24 h and irradiated or not at 10 Gy. mRNA expression levels of IL-6, IL-8, CXCL1, and MIP-2 were
measured 3 h after irradiation. Results are � S.E. (error bars) of two independent experiments done in triplicate. *, p � 0.05.
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(Fig. 6B). The same experiment was performed in TNF-�-
treated cells � siRNA TGIF1 and a decrease by 35% of the
phosphorylation level of p38� in TNF-�-treated HUVECs
knocked down for TGIF1 compared with TNF-�-treated
HUVECs transfected with control siRNA (data not shown). For
the other targets, variations were in the �20% range. To con-
firm the phospho-MAPK array results, p38 MAPK and its
downstream targets MAPKAPK-2 and heat shock protein 27
(HSP27) were monitored byWestern blotting using antibodies
against the phosphorylated forms of these proteins. Western
blot analyses revealed that TGIF1 knockdown was associated
with decreased levels of basal phospho-p38 protein and its
downstream substrates MAPKAPK-2 and HSP27. Moreover,
TGIF1 knockdown inhibited both TNF-�- and radiation-in-
duced p38 MAPK pathway activation by decreasing the phos-

phorylation level of p38, MAPKAPK-2, and HSP27 (Fig. 6C).
Interestingly, mRNA levels and total forms of p38, MAPKAPK-2,
andHSP27 were unchanged in all experimental conditions show-
ing that activation of the p38 MAPK pathway is not related to
transcriptional modifications (Fig. 6,D and E).
Moreover, because TGIF1 is a Smad co-repressor, we

explored whether TGF-�1 could influence the TGIF1-depen-
dent radiation and TNF-�-induced proinflammatory state in
HUVECs. Cytokine expression was monitored in irradiated
cells knockdown or not for TGIF1 and treated with TGF-�1.
Results showed that exogenous TGF-�1 has no effect on the
mechanism by which TGIF1 influences cytokine expression.
Finally, to prove that p38 is involved in overexpression of pro-
inflammatory cytokines, HUVECs were co-transfected with
pCMV-Myc-TGIF and siRNA p38�. p38� silencing blunted

FIGURE 4. TGIF1 silencing limits the radiation- and TNF-�-induced proinflammatory state of endothelial cells. A, HUVECs were transfected for 24 h with
nontargeting siRNA or siRNA targeting TGIF1. Silencing efficiency was measured at mRNA and protein levels 24 h after transfection. B, HUVECs were transfected
with nontargeting siRNA or siRNA targeting TGIF1 and exposed or not to 10-Gy irradiation. mRNA expression levels of IL-6, IL-8, CXCL1, MIP-2, and MCP-1 were
measured 3 h after irradiation. C, HUVECs were transfected with nontargeting siRNA or siRNA targeting TGIF1 and treated or not with 0.1 ng/ml TNF-�. mRNA
expression levels were measured 3 h after incubation. D, IL-6 and IL-8 protein secretion in supernatant 8 h after irradiation and/or TNF-� exposure is shown.
Results are � S.E. (error bars) of three independent experiments done in triplicate. *, p � 0.05.
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TGIF1-dependent transcriptional IL-8 overexpression in both
irradiated and TNF-�-treated cells (Fig. 7A). Finally, in irradi-
ated HUVECs overexpressing TGIF1, the p38�/� inhibitor
SB203580 limited IL-6 and IL-8 protein secretion (Fig. 7B).

DISCUSSION

Radiation therapy is used to treat a wide range of solid
tumors. Radiation-induced side effects are associated with
acute and chronic activation of the endothelium in preclinical
models (15) as well as in patients (22). The radiation-induced
inflammatory response is common to irradiated tissues and
involves endothelial cell activation and secretion of a panel of
adhesion molecules, inflammatory mediators, and growth fac-
tors (23). Here, we show for the first time that TGIF1 plays a
role in the radiation-induced proinflammatory phenotype of
endothelial cells. Interestingly, this new role for TGIF1 is not
restricted to ionizing radiation stress and is also true after expo-
sure to TNF-�.

Recently, we demonstrated that TGIF1 plays a role in radia-
tion-induced normal tissue damage by a Smad-independent
mechanism (20). In vivo, TGIF1 genetic deficiency sensitizes
mice to radiation-induced intestinal damage after total body or
localized small intestinal radiation exposure. Unexpectedly, we
show here that TGIF1 genetic deficiency is associated with
reduced expression of proinflammatory cytokines, suggesting
that increased death of TGIF1�/� mice after radiation expo-
sure is not due to exacerbated proinflammatory acute tissue
reaction. These results open new perspectives concerning the
role of inflammation in radiation damages. Most of teams that

work on radiation-induced damages consider as an output for
treatment efficiency that reducing inflammation is a benefit. In
the same way, in numerous radiation injury score systems the
severity of inflammation is one parameter to affirm whether
one therapeutic method is good or bad. Transgenic mouse
models with reduced proinflammatory radiation response are
not necessarily associated with tissue radioprotection. For
example, SMAD3�/� mice are protected against radiation-in-
duced skin injury despite a transient strong increase in neutro-
phil influx (24, 25). In the same way, we recently showed that
radiation proctitis is attenuated in mast cell-deficient mice
comparedwithWTmice and that it is associatedwith increased
tissue neutrophil influx and expression of several inflammatory
mediators immediately after radiation exposure (26). Alto-
gether, these results highlight the complex balances between
the beneficial and detrimental roles of inflammation in the
kinetics of tissue wound healing. Clearly, the relationship
between reduced inflammatory transcriptional response in
TGIF1�/� mice and increased radiation sensitivity of these
mice remains unclear, and more experiments are needed to
explore the potential link.
Tgif1 mutation in mouse contributes to holoprosencephaly

by a disruption of the sonic hedgehog homolog pathway (27). In
a model of brain injury, proinflammatory signals via CD11b�

macrophages are necessary for sonic hedgehog homolog
expression and astrocyte formation involved in the resolution
of brain injury (28). In this case a positive role for proinflamma-
tory signals during acute brain injury is underlined. The rela-

FIGURE 5. In vivo, TGIF1 genetic deficiency limits radiation-induced proinflammatory cytokine expression. A, representative hemalum-eosin-safran
staining of small intestine 3 days after sham (left) or 19 Gy-localized small intestinal irradiation (right) (original magnification, �20). B, mRNA TGIF1 level in
intestine 3 days after 19 Gy-localized small intestinal radiation exposure in TGIF1�/� mice. mRNA levels were calculated relative to 18S as housekeeping gene
and normalized to a value of 1 for the sham control group (n � 8/group). C, relative mRNA levels of IL-6, IL1-�, CXCL1, MIP-2, and MCP-1 in sham TGIF1�/� and
TGIF1�/� mice or TGIF1�/� and TGIF1�/� 3 days after 19 Gy-localized small intestinal irradiation. mRNA levels were calculated relative to 18S as housekeeping
gene and normalized to a value of 1 for the TGIF1�/� sham group. Results are the mean � S.E. (error bars) with n � 8 for sham TGIF1�/� mice, n � 18 for
irradiated TGIF1�/�, and n � 14 for irradiated TGIF1�/� mice. *, p � 0.05 versus TGIF1�/� sham mice; #, p � 0.05 versus TGIF1�/� irradiated mice.
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tionship between TGIF1 and sonic hedgehog homolog signal-
ing in brain damages and recovery was never investigated, and
the new role for TGIF1 in inflammation reported in the present
work could open perspectives in the molecular pathogenesis of
holoprosencephaly.
Interestingly, a computational approach identified TGIF1 as

a putative regulator of macrophages activation in response to
TLR stimulation (29), and TGIF1 was reported as essential to
the TNF-� cytotoxic program (13). Moreover, TGIF1 can
directly bind c-Jun and influence the cross-talk between the
c-Jun N-terminal kinase (JNK) and Smad signaling pathways
(30). So there is a growing body of evidence in the literature
suggesting that TGIF1 could play a role in the inflammatory
process. The role of TGIF1 in inflammation has never been

studied, and here we report an increased TGIF1 immunoreac-
tivity in inflamed tissues from patients treated with radiation
therapy.We demonstrate that TGIF1 expression influences the
proinflammatory phenotype of endothelial cells after irradia-
tion or TNF-� exposure and that the p38MAP kinase pathway
is involved. MAPKs are serine/threonine-specific protein
kinases that regulate various cellular activities including the
inflammatory response following extracellular stimuli. Irradia-
tion and TNF-� are known to activate MAPK pathways in
endothelial cells (31, 32). Here, we report a novel cross-talk
between p38MAPK and TGIF1, although themolecular events
involved remain unknown. p38� silencing limitsTGIF1-depen-
dent overexpression of proinflammatory cytokines, and TGIF1
silencing is associated with a decreased expression of the phos-

FIGURE 6. TGIF1 influences the activation of the p38 MAPK pathway. A, HUVECs were transfected with nontargeting siRNA or siRNA TGIF1 for 24 h and
irradiated at 10 Gy or treated with 0. 1 ng/ml TNF-�. Total protein prepared from whole cell lysate 1 h after irradiation or 15 min after TNF-� treatment was
subjected to immunoblotting. Representative Western blot shows the phosphorylated form of the NF�B subunit p65. B, HUVECs were transfected with
nontargeting siRNA or siRNA TGIF1 for 24 h and irradiated at 10 Gy. Cells were lysed 2 h after irradiation, and total protein lysates were applied to the human
phospho-MAPK array (PC, positive controls). Results revealed a decrease in the phospho-p38� protein level in HUVECs transfected with siRNA-TGIF1. C,
representative Western blots from three independent experiments show the phosphorylated form of p38, MAPKAPK-2, and HSP27 in TNF-�-treated or
irradiated HUVECs. D, mRNA levels of p38, MAPKAPK-2, and HSP27 in TNF-�-treated or irradiated HUVECs knockdown or not for TGIF1 are shown. E, represent-
ative Western blots from three independent experiments show the total form of p38, MAPKAPK-2, HSP27 in TNF-�-treated or irradiated HUVECs. F, mRNA
expression levels of IL-6, IL-8, CXCL-1, MIP-2, and MCP-1 were measured 3 h after irradiation in HUVECs knocked down for TGIF1 or/and treated by 10 ng/ml
TGF-�1. Results are � S.E. (error bars) of three independent experiments done in triplicate. *, p � 0.05 versus irradiated cells.
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phorylated form of p38. Interestingly, c-Jun physically binds
TGIF1 and stabilizes the TGIF1-Smad2 complex, and this
interaction is critical for the repression of Smad2-dependent
transcription (30). Further experiments are needed to explore
the putative stabilization of TGIF1 by p38 or p38 by TGIF1.
Moreover, Bartholin et al. showed that TGIF1 inhibits retinoid
signaling by the interaction with the ligand-binding domain of
the RXR� retinoid receptor (33). TGIF1 is an RXR� transcrip-
tional co-repressor and represses RXR-dependent transcrip-
tional responses. RXR� genetic deficiency in myeloid cells
results in lower recruitment of leukocytes to sites of inflamma-
tion and a lower susceptibility to sepsis (34). In our experimen-
tal conditions we cannot exclude that the TGIF1-dependent
transcriptional response of proinflammatory cytokines is
linked to a cross-talk with retinoid signaling, and this is an
attractive perspective of our work.
In conclusion, we report a new role for TGIF1 as a proinflam-

matory molecule and suggest that TGIF1 could be a potent
therapeutic target in limiting the proinflammatory phenotype
in the vascular compartment. However, in light of our previous
work (20) and because anti-inflammatory strategies benefit are
highly context-dependent, such therapies must be explored
with caution.
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